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SUMMARY 

A computer program has been w r i t t e n  which provides a comprehensive data base on 
NACA 16-series a i r f o i l s .  The geometry covered i n  the program i s  l i m i t e d  t o  cambers 
for  a d e s i g n - l i f t  coef f ic ient  from 0.0 t o  0.7 and thickness r a t i o s  from 4 t o  21 per- 
cent. The data include Aach numbers from 0.3 t o  1.6, angles of  at tack from -4 t o  
8 degrees, and l i f t  c o e f f i c i e n t s  from 0.0 t o  0.8. 
data from Mach numbers, angles of attack, and l ift coe f f i c i en ts  beyond thosc for 
which data were avai lable. A subroutine t o  adjust  the l i f t  and drag coe f f i c i en ts  
beyond s t a l l  i s  included. The complete l i s t i n g  of the program i s  provided i n  the 
Append i x . 

Extrapolat ion i s  used t o  obtain 

1 NTRODUCT I ON 

A f te r  decades o f  neglect, propel ler  research i n  the United States has been reac- 
t i v a t e d  due t o  the energy shortage. Most o f  the general av ia t i on  a i r c r a f t  use pro- 
pel1,r designs based on the technology tha t  has not changed s i g n i f i c a n t l y  since the 
1940's and ea r l y  1950's. Propel 1 e r  compressi b i  1 i t y  losses have caused current 
propeller-powered cjeneral av ia t i on  a i r c r a f t  t o  be l i m i t e d  t o  maximum cru ise speeds 
near Mach 0.5. The desire for  improvements i n  sw i r l  recovery and noise control  
required improved technology. Recent techno1 ogical  developments performed as pa r t  of 
NASA's Advanced Turbcprop Project  o f f e r  the potent ia l  o f  extending the l i m i t  t o  a t  
l eas t  Mach 0.8. 
equivalent technology high-bypass-ratio turbofans, studies have shown tha t  a large 
performance advantage may be -btained a t  cru ise speeds up t o  Mach 0.8. These advan- 
tages COiJld r e s u l t  i n  lower acquis i t ion and reduced l i f e  cycle cost, l a rge  fue l  
savings, improved range, sw i r l  recovery, and noise control ,  or other benef i ts  f o r  
both fu ture c i v i l  and m i l i t a r y  a i r c r a f t .  

For advanced high-speed turboprop powered a i r c r a f t ,  compared t o  

A i r f o i l  research has become a major f ac to r  i n  the propel ler  pcrformance research. 
The NACA 16-series a i r f o i l  sections dre low-drag, high-cr i t ical-speed a i r f o i l s  t ha t  
could be e f f e c t i v e  i n  the advanced turboprop designs cu r ren t l y  under study. 
a i r f o i l  sections, which have proven useful f o r  propel lers,  have r e l a t i v e l y  sharp 
leading and t r a i l i n g  edgEi, and have maximun: thickness a t  mid-chord stat ion.  
are designed t o  work e f f i c i e n t l y  a t  h igh speed by delaying compress ib i l i ty  s t a l l  . 
t e r i s t i c s  o f  26-series scct.ions was needed tcr f a c i l i t a t e  the studies performed. 
l i t e r a t s r e  survey revealed tha t  d3ta over a large range of cambers, thicknesses, 
angles o f  attac?, a id  Mach numbers were not avai lable,  so a computer program was 
w r i t t e n  t o  provlde the .:ceded data base. 
complete f l e x i b i l i t y  of input condit ions, section Mach numbers t o  a t  least  l . i ,  easy 
access ib i l i t y ,  low-cosL &, ,ration, and the a b i l i t y  t o  i n te rpo la te  f o r  nonstandard 
geometry. To f u l f i l l  these requirements, the program was w r i t t e n  i n  a tab le 
"look-up" format, SG w a t  i t s  only l i m i t a t i o n s  would be the range of  i t s  data and the 
accuracy of the l i n e a r  in terpolat ion.  
namic chdracter is t ics  of  16-series a i r f o i l s  was reference 1, and these values make up 
the proyam's data declarat ions. 

These 

They 

A comprehensive a1 eas i l y  accessible data bank on the aerodynamic charac- 
A 

The requirements f o r  the program included 

The most comprehenqive source f o r  the aerody- 



The present paper discusses the use and l i m i t a t i o n s  o f  the program. The program 
w i l l  sho r t l y  be made avai lab le t o  outside uses through COSMIC. Langley Research 
Center uses w i l l  f i n d  i t  as the comnon permanent f i l e  system under user number 624435N, 
wi th  the f i l e  name NACA16. 

DISCUSSION 

A prel iminary program was w r i t t e n  using values f o r  only the 16-5XX a i r f o i l s  w i th  
thicknezs r a t i o s  from 4 t o  18 percent, n ine Mach numbers from 0.3 t o  1.3, and seven 
angles o f  at tack from -4.0 t o  8 degrees. A l i n e a r  s h i f t  was used t o  account f o r  
other cambers. Extensive computation showed t h a t  the program's resu l t s  were not as 
accurate as desired. By expanding the data tab les i n  the program, b e t t e r  accuracy 
could be attained. More points  on each curve were entered and more sections were 
represented. The c a p a b i l i t y  t o  ca lcu late the drag c o e f f i c i e n t  was added. 

D i g i t i z i n g  equipment was used t o  enter the values from the graphic form of 
reference 1 i n t o  the data tables. This method was accurate and e f f i c i e n t ,  enabling 
many points t o  be entered i n  a short t ime d i r e c t l y  from the curve, and a l lowing 
complete freedom i n  representip9 the curve (i.e., the values f ( x )  could be entered 
for  any x). A t o t a l  o f  100 graphs were d ig i t ized.  
generdte tables corresponding t o  a standard set of Mach numbers; 26 values of Mach 
number from . 3  t o  1.6 are used. These are used as the data declarat ion i n  the 
subroutine and have the fo l lowing format: 

The values were then used t o  

CLXXX (row, column) = a function of angle o f  at tack (row), and Mach number 
(column) 

CDXXX (row, column) = a f m c t i o n  o f  l i f t  coe f f i c i en t  (row), and Mach number 
(column) 

ALPXXX (row, column) = a funct ion o f  l i f t  c o e f f i c i e n t  (row), and Mach number 
(col umn) 

where the f i r s t  X i n  XXX notat ion represents the design l i f t  coef f ic ient  i n  tenths 
(i.e., 7 = 0.7 d e s i g n - l i f t  c o e f f i c i e n t )  and the remaining two XX i n  t h i s  notion 
represents the a i r f o i l  thickness-to-chord r a t i o  (thus, 706 s i g n i f i e s  a 0.7 desigrq- 
l i f t  c o e f f i c i e n t  and a 0.06 thickness-to-chord r a t i o ) .  
f i c i e n t  were tabulated f o r  selected angles o f  at tack and Mach number and the valbes 
for  drag c o e f f i c i e n t  and angle of at tack (ALP) were tabulated f o r  selected values o f  
l i f t  c o e f f i c i e n t  and Mach number i n  the above-mentioned data declarat ions. 

The values f o r  the l i f t  coef- 

The improvement achieved by augmenting the data i s  i l l u s t r a t e d  i n  f igures 1 
through 6. 
version o f  the program. Figure 2 shows the points  tha t  were d i g i t i z e d ,  and f i g u r e  3 
presents the points tha t  make up the data tab le  i n  the upgraded version. 
the improved representation i s  demonstrated; i t  compares the curves represented by 
the data tables i n  each version o f  the prcgram. Clearly, the add i t i on  o f  more data 
points  improved the accuracy o f  the in terpolat ion.  
sentat ive drag c o e f f i c i e n t  t ab le  i s  presented i n  f i g u r e  5, and a s i m i l a r  represen- 
t a t i o n  of an angle-of-attack curve i s  shown i n  f igure 6. 

The main program contro ls  the input and output. Figure 7 provides a b r i e f  flw- 
char t  of the program. A l l  o f  the tab le  look-ups and in te rpo la t i ons  are done i n  m e  
subroutines. 

Figure 1 shows the points t h a t  made up one o f  the tables i n  the f i r s t  

I n  f i g u r e  4, 

A graph of the points i n  a repre- 

The subroutine I B I  performs the t a b l e  look-up and returns the value f o r  
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t he  desi red aerodynamic charac ter is t i c .  A 1 inear  i n te rpo l  a t i o n  between thickness 
r a t i o s  occurs i n  the  subroutines AEROO, AERO1, AEROZ....AEROX (where X represents the  
camber of the  a i r f o i l ) .  Subroutine CAMBER i n te rpo la tes  between des ign - l i f t  coef- 
f i c i en ts .  Warning messages are p r in ted  i f  the data l i m i t s  have been exceeded. 

An add i t iona l  subroutine (COMPUT) was w r i t t e n  t o  account f o r  the nonlinear behav- 
i o r  o f  l i f t  c o e f f i c i e n t  beyond the  s t a l l  angle. The method uses the graphs o f  
reference 1, and the  procedure i s  a " tab le look-up" using f i r s t - o r d e r  in te rpo la t ion .  
Essent ia l ly ,  t he  l i f t  c o e f f i c i e n t  becomes a function of Reynolds number as wel l  as of 
Mach number, angle o f  attack, and geometry, The drag c o e f f i c i e n t  i s  a lso adjusted i n  
t h i s  subroutine. 

LIMITATIONS AND ERROR 

The primary l i m i t a t i o n  i n  the  use o f  the program ar ises from the spareness o f  
data. The geometry for which the program can be used i s  l i m i t e d  t o  cambers f o r  
design l i f t  coe f f i c i en ts  up t o  0.7 and thickness r a t i o s  between 4 and 21 percent. 
Data were unavai lable f o r  Mach numbers below .3 and above 1.6; angles o f  attack below 
-4 degrees and above 8 degrees, and l i f t  coe f f i c i eq ts  ( for  drag ca lcu la t ions)  below 
0.0 and above 0.8; however, the  program i s  capable of ext rapolat ing f o r  condit ions 
beyond these l i m i t s  and o f  modifying the coe f f i c i en ts  a t  angles o f  a t tack beyond 
s t a l l .  No wind-tumel data a t  these condit ions were ava i lab le  f o r  comparison, so it 
i s  d i f f i c u l t  t o  estimate the accuracy o f  the program's output. 

Some studies were done t o  evaluate the  program i n  the range for  which data were 
avai lable. F i r s t ,  the program was compared w i th  the  graphs of reference 1 from which 
the  program's data were derived. The average e r r o r  was less than 5 percent f o r  both 
low and transonic Mach numbers demonstrating t h a t  the er ro rs  due t o  l i n e a r  i n t e r -  
po la t i on  and d i g i t i z i n g  are minimal. Next, two sources o f  wind-tunnel data (refs. 2 
and 3) were found and compared t o  each other, Some discrepancies were found. The 
e r r o r  ranged from 0 t o  68 percent, w i th  the average a t  approximately 12 percent. The 
program produced resu l t s  close t o  the  data from reference 2, p a r t i c u l a r l y  a t  low 
speed. The l i f t coe f f i c i en t  was more accurate than the drag coef f i c ien t .  The e r ro r  
was s i g n i f i c a n t l y  higher i n  the  comparison between the program and reference 3. The 
only t rend observed i n  t h i s  study was tha t  the drag coe f f i c i en t  was markedly m r e  
accurate a t  low speed whi le  the  l i f t  c o e f f i c i e n t  was more accurate a t  transonic 
speed. 

CONCLUDING REMARKS 

A computer program has been w r i t t e n  which provides a comprehensive data base on 
NACA 16-series a i r f o i l s .  The geometry covered i n  the program i s  l i m i t e d  t o  cambers 
f o r  a d e s i g n - l i f t  c o e f f i c i e n t  from 0.0 t o  0.7 and thickness r a t i o s  from 4 t o  21 per- 
cent. The data inc lude Mach numbers from 0.3 t o  1.6, angles of attack from -4 t o  
8 degrees, and l i f t  coefficien's from 0.0 t o  0.8. 
data from Mach numbers, angles of attack, and l i f t coef f i c ien ts  beyond those f o r  
which data were avai lable. A subroutine t o  ad just  the l i f t  and drag coe f f i c i en ts  
beyond s t a l l  i s  included. The program can be used f o r  a i r f o i l s  w i th  camber f o r  a 
design l i f t  coe f f i en t  up t o  C.7, wi th  thickness r a t i o s  from 4 t o  21 percent, and f o r  
Mach numbers from 0.3 t o  1.6. 
t o  g ive reasonable resul ts .  

Ext rapolat ion i s  used t o  obtain 

I n  comparison w i th  wind-tunnel data, it has been shown 
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APPENDIX 

PROGRAM AIRFOIL  ( I NPUT OIJTPUT, TAPE3=1NPUT~TAPE6=OUlPUT) 
C 
c Ti l€ SUBROUTINES I N  THIS PROGRAM CALCULATE THE AERODYNAMIC 
C CHARACTERISTICS OF NASA 16-SERIES AIRFOILS. ALL VALUES ARE 
c 08T41NED THROIJGH INTERPOLATIONS FROM GRAPHS DRAWN By HENRY V. 
C BORST (SEE SOURCtl. SUBROUTINE l e 1  INTERPOLATES BETWEEN MACH 
C NUMBERS AND ALPHAS/CL'SI SUBROUTINt AEROX INTERPOLATES BETWEEN 

C CAMBERS. SUBRouTlP€ COMPUT I S  USED TO AOJIJST THE CD If THE 

C 
C ALL L IN ITATIONS I N  TYIS  PROGRAM ARE DUE TO THE LACK OF DATA. 
C THE L I M I T I N G  CASES ARE: 
C DESIGN CL:  0.0 T O  0 . 1  
C THfC*<NESS RATIO: (FOR 0.0 <= CLDES <= 0.5) 4s TO 21% 
C (FOR 0.5 CLOES < 0 . 6 )  4% TO 15% 
C (FOR 0.6 CLD€S <= 0.7) 6% TO 12% 
C M4CH NUNRER: .3 TO 1.6 (RUT EXTRAPOLATION CAN HE PERFORWED) 

C BE PERFORMED) 
C CL(D€SIGh) :  0.0 T O  0.8 (BUT ExT~APOLATION CAN HE PERFORWD) 
C WARNING YESSAGES WILL RE PRINTED I F  THESE V4LUES ARE EXCEEDED. 
C THE PROGRAM HAS dOTN PERFORMAWE ANALYSIS 4ND DESIGN CAPABILITIES.  
C FOR THE FORMER LkT X K E Y t l r  AND FOR THE LATTER LET IKEYZZ. 
C 
C I F  I K E Y = l  INPUT MlJST BE: 
C MACH NUvSERr 4@L€ OF ATTACK, THICKNESS RATIO, DESIGN CLI ALTITUDE, COReh @ 
C I F  IKEY=2  INPrJT MUST &E: 
C MACH NUW?ERI C:, TYICKNESS RATIO, DESIGN 'Le A L T l T U D t r  COf?rb 
C 
c SOUQCE 
C 
C SAND, €DWAQDt oOUGLAS 4. ELLIOT, JH., AND HENRY HORST, "USAAMRDL 
C TECWNICAL HtPORT 73-34C SUMMARY OF PROPELL€R DESIGN 

C DESIGN9 F O R T  EUSTISI VA., NOV. 1 9 7 3  
C 
C 

c THICKNESS RATIOS) SUBROUTINE CAMBER INTERPOLATES eETwEuu 

c ANGLE OF A T T A C K  i s  BEYOND STALL. 

C ANGLE OF ATfACK(P€SFORMANCE): -4.0 TO 8 I9UT FXTRAPOLATION CAN 

C PROCEDURES A W  D A T A "  VOLUME 111 HUEI ACTUATOR, AND CONTROL 

D1MENSION X M ( 7 ) , A A ( S ) , C L D E S ( S ) e T R ( 2 )  
D A T A ( X M ~ I ~ ~ I ~ l ~ 7 ~ / o 2 ~ ~ S ~ o ~ ~ o ~ ~ o ~ ~ ~ o O ~ l ~ ~ /  
D A T A ( C L D E S ( I ) ~ I = ~ , ~ ) / O ~ ~ O ~ ~ ~ . ~ ~ . ~ ~ ~ O ~ /  

D A T A ( T R ( I ) , ~ = ~ ~ Z ) / O O ~ ~ . ~ ~ /  
DATA Y U M B C H I N U Y C L D , N I ~ Y T ~ . N V M A A / 7 r 5 r Z , S /  
COR=. 1 
I K E Y = l  
0 ~ 1 0 .  
ALT=10000. 
00 SO I=lrNUMCLD 
00 40  J=~,NIJMTR 
00 30 K=~INOMAA 
00 20 L=leYUMACH 

75 WRITE ( 6 r 1 5 0 )  
WRITE ( 6 1 1 5 0 )  

O A T 4 ( A A ( I l , I = i , S ) / 4 ~ 8 , 1 0 ~ 1 2 ~ 1 6 ~  

4 



C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THIS SUBROUTINE USES '.INEAR INTERPOLATION BETWEEN CAMBERS 
TO OBTAIN THE AEROOYNAYIC CHARACTERISTICS OF A 16-SERIES AIRFOIL. 
I T  USES THE SUBROUTINES AE900,AERO1,AEH02r.e.AER07o 

THE RANGE OF DESIGN CL'S FOR ACCURATE RETURNS I S  FROM 0 TO 0 7 .  

DESCRIPTION OF VARIABLES: 
CLDES=DESIGN LIFT COEFFICIEYT 
TR=YAXIMUM THICKNESS-TO-CHOW R A T I O  
AAsANGLE OF ATTACK AT BLADE ELEMENT 
XM=MACH NUMBER A T  RLAoE ELEMENT 
CL=SECTION L I F T  COEFFICIENT 
CDtSECTION DRAG COEFFICIENT 
X L D = L I f T  T O  W A G  R A T I O  
IKEY=PARAMETER W H I C H  INoICATES WHETHER PERFORMANCE OR DESIGN 



C MODE IS DESIRED. 
C 
C IF IKEY=l, PROGRAM RUNS I N  PERFORYANCE MODE. 
C INPUT IS ANGLE OF ATTACK, MACH F(UMBC9r DESIGN C L  AND 
C THICKNESS R A T I O .  
C OUTPUT I S  CLI CDI AND L/O. 
C 
C I F  IKEY'Zr PROGRAM RbNS I N  DESIGN MODE. 
C INPUT IS CLI MACH NUMBER, DESIGN CL, AND 
C THICKNESS RATIO 

C ALT=ALTITUDE 
C COR=CHORD/RADIUS OF PROP BLADE 
C O=OIAMETER OF PROPELLER 
C 
C 

C OUTPUT IS SECTION ANGLE OF ATTAZK, CDI AND LID. 

DIMENSION IOROER(2 l t IPT(2 )  
IORDER(1) = I O ~ O E R ( t ) = l  
I P T ( l ) = - l  
I F  (IKEY .EQ* 2 )  GO TO 2000 
I F  (CLDES .LT. 0.0) GO TO 15 
IF (CLDES *GE. 0.0 .AND. CLDES rLT. 0.1) GO TO 25 
IF (CLDES .GE. 0.1 .AND. CLDES .LT. 0.2) GO TO 35 
IF (CLDES .GL. 0.2 .AND. CLDES .LT. 0 . 3 )  GO T O  4S 

I F  (CLDES .GL. 0.4 .AND. CLOES .LT. 0.5) GO TO 65 
IF (CLDES .GE. 0.5 .AND. CLDES .LTo 0.6) GO TO 75 
I F  (CLDES .GE. 0.6 .AND, CLDES cLT. 0 . 7 )  GO T O  85 
I F  (CLDES .GL. 0.7) GO TO 95 

I F  (CLDES . G t o  0 . 3  .AND. CLDES .LT. 0.4) GO TO 55 

15 CALL A E R O O ( X L D I C L ~ C D ~ X Y I A A I I K E Y ~ T R ~ C L O E S ~ ~ L T ~ C O R ~ O )  

176  FORMAT(* DESIGN CL=*,FS.tr* IS OUT OF RANGE OF DATA,*/ 
WRITE(6,176) CLDES 

&* VALUES FOR CLDES=O.O HAVE BEEN RETURNED.*) 
GO TO 300  

CLO=CL 
CDO=CD 
I P T  ( 1) =-1 
CALL A E R O l ( X L D t C L ~ C O ~ X M ~ A A , I K E Y l f R I C L D E S , A L T r C O ~ ~ O )  
CLl=CL 
CDl=CD 
C L ~ C L O * ~ C L l ~ C L O ~ * ~ ~ C L D E S I O . O ) / ~ . l ~ O ~ O ~ ~  

25 CALL A E R O O ( X L D I C L ~ C D ~ X M I A A I ~ K E Y ~ ~ R I C L D E S , A L T I C O R ~ D )  

C D ~ C D O * ( C D ~ ~ C ~ O ) * ( ( C L D E S I O . O ) / ( . 1 - O , O ) )  
GO TO 300  

CL 1 =CL 
CDl=CD 
I PT ( 1 1 =- 1 
CALL A E R O Z ( X L ~ ~ C L , C D , X M ~ A A , I K E Y ~ T ~ ~ ~ L D E S ~ A L T I C O ~ ~ D )  
CL2=CL 
CDZ=CO 
C L = t L 1 + ~ ~ L 2 - ~ L l ~ * ~ ~ C L D E s ~ * 1 ~ ~ ~ * 2 ~ * 1 ~ ~  
CD=CDl+(C02-CDl)*((CLDES~.l).'(.2~~1)) 

35 CALL A E R O l ( X L O ~ C L , C D , X M , A A ~ I K E Y ~ T R 1 C L D E S ~ A L T ~ C O R ~ D )  

GO TO 300  
45 CALL A E R O Z ( X L D , C L , C D ~ X M , A A I I K E V , T R I C b O E S , A L T t C O R ~ D )  

6 



55 

65 

75 

85 

95 

175 FORMAT(* DESIGN -.LJ*,FSe3** I S  OUT OF RANGE OF DATA.*/ 
Q* VALUES FOR C L O E S ~ * T  HAVE BEEN RETURNED**) 

00 TO 300  
2000 CONTIYUE 
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I P T  ( 1) =-1 
I F  (CLDES .LT. 0.0) GO T O  16 
I F  (CLDES .G€* 0.0 .AND. CLOES rLf .  0 0 1 )  GO TO 26 
I F  (CLDES .GEo 0.1 m A V C o  CLOES .LT. 0.2) GO TO 36 
I F  (CLDES . G t .  0.2 .AND. CLDES . L f o  0.3) GO TO 46 
I F  (CLDES . G € o  0 . 3  .AND. CLDES o L 7 .  0.4) GO TO S6 
I F  (CLDES . G € o  0.4 .AND. CLDES .LT. O o S )  GO T O  66 
I F  (CLDES OGE. 0.5 .AND. CLD€S .LT, 0.6) GO TO 76 
I F  (CLDES .GE. 0.6 .AND. CLDES o L f 0  0.7) GO TO 86 
I F  (CLDES .GEo 0.7) GO TO 96 

16 CALL A E R O O ( X L D I C L ~ C D I X H I A A , ~ K E Y ~ T R I C L D E S , A L ~ ~ C O R ~ D ~  

178 FORMAT(*  DESIGN CL =*,F5.2r* IS OUT OF RANGE OF DATA.*/ 
WRITE(6,178)CLDES 

26 

36 

46 

56 
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SURROUTINE A E R O 0  ( X L D I C L , C D , X Y , A A , I K E Y ~ T R ~ C ~ O E S I B L ~ , C O R ~ D )  
C 
C 
C T H I S  SUBROUTINE I S  D E S I G N E D  T O  COMPUTE THE A I R F O I L  
C C H A R A C T E R I S T I C S  FOR A 16 S E R I E S  A I R F O I L  WITH A G I V E N  CAMRER. 
C 
C T H I S  S U B R O U T I N E  H t L A T E S  CLICDICL/CD,MACH,T/C,AND ALPHA. 
C I T  REPRESENTS T H t  D A T A  OF A 16-0XX A I R F O I L .  
C 
C XM=RELATIVE MACH NO. AT t3LAOE ELEMENT 
C AA=A?tGLE OF ATTACK I N  DEGREES 
C I # E Y l :  C L = C l ( M A C H I A L P H A t T / C )  
C : CD=CD(MACH,CL,T/C) 
C :XLD=CL/CD 
C IKEYZ: ALPHA=ALPHA(MACH~CLtT/~)  
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251 

C 
C 
C T H I S  SUHROUTINE 1s DFiSIGNEP T O  COHPUTF THE A I R F O I L  
C C H A R A C T E R I S T I C  t-OR A 16 SEQIES A I H F o I L  WITH A G I V E N  CAMBER. 
C 

C I T  REPRESENTS T H t  D d T A  OF A 1 6 - l X X  A I R F O I L .  
C 
C X#=RELATIVk MACH h0. A T  HLAOE ELEMENT 
C AP=AYGLF OF ATTACK IN DEGREES 

c THIS SURROUTINE R E L A T E S  C L ~ C D ~ C L / C D ~ M A C H I T / C ~ A N O  ALPHA. 

c I K E Y I :  C L = C L ( M A C h r A L P H A , T / C )  
C : C D = C D ( Y A C h * C L , T / C )  

c IKEY2:  ALPHA=ALPHA(yACHrCLrT/C)  
C : C D = C D ( M A C h , C L r T / C )  

C : X L D = C L / C D  

c : X L D = C L / C D  
C T R = T / C  
C 

21 



-0247~ 
-0324, 
9 0  149, 
0 0  066, 
- 0  133, 
0134, 
* l W 9  

- 0 0 0 9 ,  

0433, 
136, 

ohSb9 
0634. 
0255,  

0807r 
03899 

1 0269 
09249 
0521, 

. 4 0 0 *  

. ~ 7 7 ~  

-.za9* 
0 0  305, 
-0321, 
-0UT4r 
-01249 
- 0  134, 

152, 
1239 

002lr 
0 395. 
0.377, 
159, 

655 
0564, 
02789 
0864, 
07lfr 
0 4 0 5 ,  
oY91~ 
0 H20 * 

22 



a 5 3 6 9  a4401 

23 



ORIGINAL PAGE la 
OF POOR QUALITY 

0 . 2 9 6 ~  0.3109 
-e2a99  -02799 
-0296, - a 2 9 8 9  
-0167, -01859 
-01379 -01359 
‘ . O l S O 9  -01579 

0 0 5 7 9  00539 
00439 00409 

- 0 0 0 4 9  -0013s 
02479 02269 
0232r e2249 
01199 00991 

0 390 9 

03449 
0 226 9 

05299 
04199 
.23S9 
06199 
04539 
a3299 

24 



25 



cr.349 
5.909 
5.549 
5.329 
5.029 
4,899 
(5.799 
4.919 
4.959 
S.SOt 
6.539 
8.159 

10.64, 

26 



22.229 
20.37, 
19.90, 
18.009 
17e409 
18.21 , 
20.91 9 

236109 
26.95, 
38.93, 
60.119 
74.299 
85,74/ 

74.72, 
65.48, 
51.94, 
51.099 



e00501 
.OlQh, 

0 2 2 4  9 . ooso 9 

00161 9 

00291 9 

o 0 0 7 2 r  
0 0 2 3 6 9  
.0459, 
a01729 

0475  9 

o10199 
0296 

.OR91 9 

01807,  

.0211, 
0065Av 

e03359  
1226, 

0053, e00539 

28 



0053, 
a 0354 9 

e 0 0 7 5 9  
e04109 

003679 
e 1523, 

a00749 
0649 9 

29 



0075l19  
022199 

002029 
0 112'39 

02559 
0 1202, 

003649 
0 1309, 

007159 
0 1791. 

010849 
028159 

0 02569 
013519 

0 0295, 
014349 

004969 
016289 

0 0939 9 

021u5, 

30 



31 



32 



4 1  

51 

61 

7 1  

204  

33 



ORIGINAL PAGE 'is 
OF POOR QUALIW 

0 239 9 

181 e 

08999 
07589 



I 

- 0  1929 
-03339 
-03599 
-00139 
-e1719 
-02171 
0 1 9 1 9  
045 

-00209 
0 3959 
0 2 3 0 9  
1079 

-02479 
- 0 3 1 1 9  
-0265,  
- 0  07 3 9  
- 0 1 1 8 9  

-01209 
0 1399 
00349 

-00049 
0 353 9 

02369 
01209 

35 



-02039 
-03399 
-0282, 
-0067, 
- 0  157, 
- 0  1299 

c 1259 
0 0 0 3 9  
o0039 
02999 
01769 
01429 

03799 
0287, 
01909 
ob791 
0 357 9 

02569 
05749 
0 385 9 

-02989 
90 286 9 

-02849 
-01019 
0 0  1179 
-01379 
0115, 
00349 

- 0  0089 
.26?9 
02089 
0116, 

36 



6.23, 
5.739 
5.32, 
S a 0 6 9  
4. 70 
4.539 
4,379 
4.209 
4.10, 
4.119 
4.239 
4.379 
4.54, 

37 



11.059 
9.949 
8.999 
8.379 
7.919 
8.13, 
8.589 
9.219 
9.879 

11.019 
11.89, 
12.649 
13.479 

38 



9.399 
10.02, 
10.860 

17.25, 
1 3 . 9 6 ~  
11.29, 
10.359 
10.47,  
10.619 
10.719 
10.909 
10.89r 
10.97,  
1 1 . Z O I  
11.33, 
1 1 . 1 9 ,  

8.00, 
7.24 ,  
6 .590  
6.19 ,  
5.729 
6.059 
7.739 

10.00, 
13.149 
17.969 
26.69,  
33.38, 
32.64,  

33.929 
29.65,  
25.57, 
23.26, 
22.97,  
22.739 
22.47,  
22.23, 
22.009 
21.7119 
20.39, 
19.75, 
i e . 8 8 ,  

42.251 
37.49, 

39 



. 0 0 6 2 9  
001699 
002929 . 00-,5 9 

001529 
e03179 
0 054 9 

00210, 
00469, 
e01269 
03779 
0979 9 

001929 
00701* 
01692, 

0 0 0 6 1  9 

o0235; 
o03709 
000449 
.cI22?9 
0398 9 

32.739 
37.039 
45.389 
55,180 

16.13, 
13.34, 
11~729 
10.761 
11.219 
12.76, 
17,789 
25.299 
31 329 
34.929 
53.249 
65.279 
51.609 

33.26, 
37,649 
39.049 
37.459 
33.S39 
31.899 
J2a279 
32.709 
33.0l1t 
34.229 
4 0 , 0 0 9  
44 .  -*z* 
44.419 

a00629 
.02!i9 
4 022). 9 

.00459 
001929 
002999 
0054, . 0250 9 

005469 
rOl289 
3434 9 

a 1077, 
a01849 
.081'19 
0 18429 

40 



00539 
002739 
0 05479 
000829 
04489 

0 1 1  169 
o O l R 3 9  
0956 9 

O t l 2 C 9  

0063 9 

0 0278 9 

005739 
000599 
0 02699 
006019 
000669  
003599 
007699 
.Ot97r 
006489 
0 13359 
00156, 
010039 
19399 

e 0 0 7 2 9  
05069 
008R99 
0 0 0 5 6 ~  

04489 
0 0 9 0 3 9  
0 0 0 8 1 9  
0520 9 

010519 
00131, 
0 0829,  
0 1543. 
002129 
01455, 
02213, 

000789 
00718~ 
0 1302, 
woo789 

07 16 9 

1315, 
o O l l t 9  
00806,  
0 14339 
001959 
0 10069 
018389 
00281, 

00539 
003199 

00839 
.oeii~ 

05499 
.il789 
o O 1 8 4 r  
011369 
e 2260 9 

00063, 
003569 
005169 
o00S99 

03229 
0567 9 

0 0066 9 

04329 
008179 
001019 
.0764r 
013849 
,01599 
0 11269 
.I9719 

0063 9 

0426 9 

004699 
00060* 
e03739 
0526 9 

000679 
04969 

008669 
001059 
008b19 

14329 
e01689 
012459 
02003/ 

00087, 
009009 

0 00879 
009099 
01103r 
0012P9 
O W 1  9 

0 1373s 
e02739 
0 12999 

,04339 

. io41 

.16909 

0 0 0 9 0  9 

e371 1, 

.0190, 
0 13549 

000649 
0667 9 

.0104, 
00772, 

0010P9 
009669 

o O 1 7 3 9  
01062, 

003709 
. i3839 

oO618, 

41 



42 



2 

3 

4 

5 

6 

7 

1000 

90 

10 

20 

43 



ORiGlMAL PAGE 
OF POOR QUALiTY 



45 



46 



e7769 
e 4 1 4 9  
e 253 9 

e 9269 
e 6 3 9 9  
e 3669 
e 9 7 9 9  
e7189 
e 4 7 2 9  

e 6499 
e3649 
e 2 1 9 9  
e 8 3 3 9  
e 4999 
.337r 
e 8 9 5 9  
e 5 6 9 9  
e 4 4 8 9  

-e 1 2 4 9  
-e 2509 
-e 21 39 
o 0469 

- e 1 2 5 1  
-e 1 1 9 9  
e 2 1 7 9  
e 0039 

- e 0 2 2 9  
e4259 
e 2 0 5 9  
e 1 1 6 9  

e 5 3 6 9  
3569 

e 229 9 

47 



0443, 
02639 
02019 
05899 
03819 
0301, 
06619 
04169 
03399 

3.329 
L o 9 5 9  

264 Q 
-02431 
-02R5, 
-00910 
- . O R 2 9  
-01339 
0093, 
0 0 2 0 9  

-0024,  
e 255 9 

0 1229 
00441 

041139 
02519 
1360 

eu989 
03329 
02079 
05979 
364, 

02429 

06619 
04539 
02929 
07309 
05309 
0 393/ 

0310, 

1439 
04279 
03959 
02329 
,4839 
04299 
02711 

.289* 

Ob3239 - 0 245 9 

-0295,  

- e 0 6 5 9  
-01519 
00129 
00179 

- 0 0 3 3 ,  

01179 
00261  

Ob1759 

b1769 

8.329 
7.609 



49 



ORUNAL. PAGE 19 
OF POOR QUALIN 

50 



ORIGINAL PAGE 93 
O f  POOR QUALITY 

39.579 
41037, 
42.36, 
41.59, 
44.31 s 
47.4139 
49.30, 
40.930 
S2.079 
51.03, 
42.79, 
43.74, 
45.38, 

51 



52 



004149 oO478~ 
01080, o1109, 
001349 001399 
007999 o0991e 
o20719 02243, 

YO0929 00092, 
003319 063879 
oOG369 00569 ,  
000590 00059, 
003079 003659 
00691, 006429 
o005Q9 e 0 0 6 0 9  
003679 004429 

00079r 0 0 0 8 3 9  

e13009 o13539 
o01.339 001439 
o0934,~ 10899 
017721 016359 

. o a s ~  .oe909 

. 0 ~ 7 6 ~  .069a9 

0559 e 
011429 
o01451 
o1170, 
.2266/ 

000929 
004479 
00498, 
00061, 
e04229 
0583 9 

00064, 
005169 
oO91Sr 
00091, 
008169 
01353, 
001819 
0 1222 9 

1894/ 

000979 
00746, 
007369 
000609 
007079 
0793 9 

.00739 
007669 
010029 
e O 1 1 f 9  
, i o 1 1 9  
0 17499 
02429 
016229 
.2631/ 

001869 

00641. 

00166, 
012719 

00092, 
e 05099 

03659 
0 1753, 

001169 
,1117. 

o O 1 6 1 ,  
0 1082, 

00173, 
0 1152, 

0 0228. 

53 



54 



2 

3 

4 

6 

7 

1000 

90 

10 

20 

30 

55 



56 



57 



58 



ORIGINAL PAGZ 19 
OF POOR QUAL!TY 

* e  0989 
- e 4 5 2 9  
- e 3 0 0 9  

a 1 1 0 9  
O b 3 0 9 9  
-81949 

8 2659 
-e1229 
- e  0 3 3 ,  
e4739 
00829 
e1159 

59 



60 



61 



OHIGl!lAL P * I E  is 
OF POOR QUALITY 

62 



63 



ORIGlQP;AL PAGE 6s 
OF POOR QUALITY 

001309 
.02619 
04099 
00539 
002129 
0 0403, 
000489 
02549 
0531 9 

0 0 0 5 6 9  
o 0 3 i l S g  
00963- 
e00919 
005689 
0 i 7229 

00123, 
0 02999 . 0523, 
0 00579 
002519 
0 0493 P 
000469 
002539 
0 06,759 
000539  
003589 
010H89 
o01069 
.0798, 

001309 
003299 
0299 9 

.00539 
0 0 269 , 
o0360, 
o004Rm 
0 0 3 0 6 9  
e05969 
00569 

rn 04013, 
0 10899 
e00919 
068159 

0 19599 

.01229 
004329 
002919 
000599 
003509 
00403, 
e00479 
a 0 3 7 9 9  
007599 
0 0 0 5 2 9  
005439 
013139 
.0111, 
011069 

001299 
0434 9 

60050, 
,03879 . 0058, 
005399 

o0062r  
004009 

00123, 
01233, 

64 



65 



O R I ~ N A L  PAGE tS 
OF POOR QUALITY 

1487 
00102 
00624 
01718 

66 



3 

4 

5 

6 

7 

1000 

90 

10 

20 

30 

4 0  

67 





69 



3 
3 
3 
4 

. 929 V 

.e449 . 392 9 

1,0919 
768 9 

.5359 
1.2219 
.9nc. 
.b97* 

09359 . 7599 
d 6 5 9  

1. 102, 

. m99 
1.2739 
1.0 * 0 9  

OS129 

.91i9 

08939 
e3759 

.4999 

.25159 
9.033, . 742, 

. 48Z*  . 0751 

0974 9 

0 5 7 9 9  . 206 
1.0919 . 799 9 

a 3 1 3 9  
l.lPO9 

958 9 

.4ZP/ 

. a m  
04349 

.754, 

.449r 

70 



ORIGINAL FAX 53 
OF POOR QUALITY 

or2039 

e2799  
la0279 

e S 3 9 9  
e4009 

1a102* 
m6639 
e 5 0 5 9  

e7439 
e3079 
02399 
.8599 
04039 
a 362 9 

0 958 9 

a5949 
04749 

71 



-m620r 
0.4219 

m o o 4 9  
-0433, 
-02999 

157 I 
-m1999 
-01529 

m3109 
.0009 

007 9 

m2599 
'569  
93 9 
,329 
292 9 

e1729 
392 9 

.3489 
m230* 

72 



ORlGlNAL PAGE E4 
Of POOR QUALITY 

73 



74 



ORIG(NA1 PAGE IS 
OF POOR QUALITY 

l O * l l r  13.919 
8.989 12.119 
6.279 1 1 . 1 1 ,  
8.359 11.5S, 

110239 16.17, 
16.039 2 2 . 0 0 9  
21.609 28.279 

16.27, 
22.91. 
30.009 
32.60. 
36.03/ 

52.70 9 

39.54, 
38.55, 
37.679 
39.45, 
40.61 9 

41.829 
43.099 
44-42 ,  
4 5 , 8 1 9  
56.55,  
59.899 
66.06/ 

75 



001559 
004459 

OS25 9 

a00939 
e03719 
,05909 
e 00569  
.0391* 
.07799 . I) 056 9 

.12139 
oOO9S9 
. O Y 3 7 9  
.2196r 

b o 5 0 5 9  

000869  
004079 

a01499 . 12029 

76 



001639 
,0941 9 

011509 
001039 
007119 
012319 
0 0 0 7 8 9  
,07389 
0 13799 
.00799 
0 0 8 2 3 ~  
017099 
001429 

12569 
o26R99 

,01919 
o10S39 
e 0970 9 

,03119 
,09049 
01046, 
,00909 
0 0851 9 

12649 
.OUR99 
,09849 
.lb769 
001739 
014119 
.29519 

0297 v 
113Ai 

0 13329 
.0 1669 
011739 
.13699 
,01349 
.12239 
0 16039 
.01409 
013019 
,20799 
,02439 
0 19339 
a27289 

e 0 2 2 3 9  
e l l 3 2 9  
e 0 9 0 5 9  
,01459 
,08969 
008729 
001279 
,09649 

1131 9 

001099 
011159 
,16349 
,02389 
,15339 
.3213/ 

003489 
,12259 
,1164, 
002389 

12629 
e12209 
0 0 2 0 9 9  
0 1329 9 

.15159 
001e19 
0 1427 9 

a20619 
,0399, 
02082, 
.2676/ 

001009 
0634 9 

.ooe4, 
,0683. 

0 0 0 9 0 s  
e 0884 9 

0 0444 9 

a13129 

00331 9 

0 1350 9 

00287, 
0 1435, 

002769 
0 15529 

.OS869 
016709 

77 



78 



4 

5 

6 

7 

1 0 0 0  

9 0  

10 

30 

40 

50 

79 



80 



GO TO 250 

CO=CORGEl  
71 CALL 161 ( 5 , C L I I ~ 2 6 r X M 1 , 5 t C D 5 2 l ~ I O R D E R ~ I P T ~ C C ~ ~ ~ ~ C D R G ~ 1 ~ ~ E R R )  

I F  (TR .GT, 021 )  W R I T E ( 6 + 2 0 - * )  
204 FORMAT(*OTHICKNESS RATIO=**F5.3t* I S  0111 OF RANGE. 

&*/e T H E  VALUES FOR T / C = * 2 1  H A V E  PEEN RETURN€D**I 
250 IF(CL .GT. *e)  GO TO 251 

251 CALL C O M P U T ( D , X Y t A ~ f ~ C O R , T ~ ~ A A ~ C D T + C ~ ~ C D , C L D E S )  
RETURN 

CO=CDT 
RETURN 
END 
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O O ' J 8 0 ,  
rO858, 
,2484, 

.015?, 

.051a, 

a 0 0 7 0 ,  
0 0826 9 

002489 
8 0667, 

00140, 
0534 9 

000759 
a 8673, 
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RE TURN 
END 

ORIGINAL PAGE I% 
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SUBROUTI.JE PkW07 
C 
C 

Y T e C O R 9 D )  
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00221, 
o 0633. 

.0109, 
012089 

.0180, . I 042, 







C* AND Y ARRAYS REQUIRE THE SAME NUMBER OF ELEMENTS. THE X AND Y 4 

C *  AfRAYS EACH REQUIPE AT LEAST TWO ELEMENTS FOR ORDER 1NfERP-* 
C* OLATION AND A T  LEAST THR€E POXNTS f O R  S€COND ORDER ZNTERPOLATXON.* 
C* F MUST BE KNOWN AT THE NODE POINTS ( X ( I ) , Y ( J ) ) .  a 
C* 4 

C* THE PROGRAM USES INTERNAL POINf€RS I N  THE X AND Y DItTECTIONS a 
C*  TO BEGIN SEARCHES. THESE POINTERS CONTAIN THE INDICES OF THE X 4 

C* AND Y MESH LINES NEAREST THE PREVIOUS (X0,YO)e THESE POINTERS 4 

C* ARE USED TO MINIMIZE THE SEARCH TIMES BASED ON THE PREMISE THGf 9 

c* I N  SCIENTIFIC INTERPOLATION SUCCESSIVE POINTS TO BE INTERP'kAT€D 
C* WILL 9E FOUNO I N  THE SAME OR NEARBY GRID RECTANGLES. e 
C* 
C*  USE * 
C* e 
C* CALL ~ B I ( N X ~ X ~ N Y I Y ~ M A X ~ ~ F , ~ O R D E R , I P T I X O ~ Y O ~ Z ~ I E R R ~  4 
C* I 

C* PARAMETERS 4 

C* 
C* 
C* 
C* 
C* 
C *  
c* 
C* 
C C  

C* 
C" 
C* 
C* 
C* 
C*  
C*  
C*  
C* 
C *  
C*  
C*  
C* 
C *  
C*  
C *  
C* 
C* 
C* 
C* 
C* 
C*  
C* 
C* 
C* 
C* 
C* 
C* 
C* 

40 

I 

MX-----AN INPUT INTEGER SPECIFYING THE NUMBER O f  D A T A  POIhTS FOR 9 
THE FIRST INDEPENDENT VARIA131.E. 4 

X------ONE INPUT INDEPENDENT VARIABLE ARRAY DIMENSIONED A T  LEAST 4 

NX I N  THE CALLING PROGRAY, UPON ENTRY TO 1131, X t I )  MUST 4 

CONTAIN THE I=TH VALUE OF THE FIRST INDEPENDENT VlrQIABLE 4 
AT WHICH THE FUNCTION I S  KNOWN. 4 

x MUST eE STRICTLY INCREASING* x ( I + i ) > x ( I ) .  4 

NY-----AN INPUT INTEGER SPECIFYING THE NUMBER OF DATA POINTS FOR 4 
ThE SECOND INDEPEND€NT VARIABLE. 4 

Y------TYE OTHER INPUT INDEPENDENT VARIABLE ARRAY DIMENS;ONED 47 : 

MUST CONTAIN THE J -TH VALUE OF THE SECOND INOEPENOENY I 

4 

4 

4 

C LEAST NY I N  THE C A L L I Y G  PROGRAM. UPON ENTRY TO 11319 Y ( J )  4 

VARIAELE AT WHICH THE FUNCTION I S  KNOWN, * 
Y MUST BE STRICTLY INCREASING, Y ( J * l ) > Y ( J ) e  

MAXF---AN INPUT INTEGER GIVING THE YAXIYUY ROUJ OIMENSIOY OF F I N  
THE CALLING PROGRAM, 

F------THE INPUT TABLE OF DEPENDENT VARIARLE (FUNCTIONAL) VALUES 
DIMENSIONED F(MAXF9NY) I N  THE CALLING PROGRAM. ACTUALLY 
F MAY HAVE MORE THAN NY COLUMNS RUT NOT MORE THAN MAXF ROU 
UPON CNTRY 10 1819 F ( I 9 J )  MUST CONTAIN THE FUNCTIONAL 
VALUE A T  ( X ( I ) O Y ( J ) ) .  

IORDER-AN INTEGER INPUT A R R A Y  OF INTERPOLATION ORDERS. 3IMENSfON 
IORDER ( 2 )  e 

IQRDER(1)--ORDER O F  INTER~OLATION FOR X e  

IORDEH(Z)--ORDER OF 1NTERPOI.ATION FOP Y e  

FIRST ORDER INTERPOLATION. 

a2 SECOND ORDER INTERPOLATION. 



c* 4 

C* IPT----AN INPUT/OUTPUT INTEGER ARRAY WITH THE FOLLOWING FUNCfIONSd 
C* DIMENSION IPT(Z). i 
C* 4 

C* INPUT'- lNITIALIZATION OF 181 AH0 CHECK ARRAYS X AND Y r  4 

C* 4 

C" -1 WHENEVER A NEW X OR Y ARRAY IS INPUTI THIS 4 

C* VALUE GF r m i )  SHOULD e€ SPECIFIED BY THE 4 

C* USER TO INITIALIZE I R I  AND CHECK THAT ARRAY - 
C*  X IS STRICTLY INCREASING WITH AT LEAST NX 4 

C* POINTS ANO'4RRAY Y IS STRICTLY INCREASING WITH. 
C. AT LEAST NY POINTS. 
C* 
C* f JTPUT~INDEX POINTER, 
L* 
C* I P T ( l ) - T H E  X INOEX POINTER. 
C* 
C* t K INDICATES THAT A B S ( X O ~ X ( K ) ) < A B S ( X O - U ( f ) ) .  
C* I= l rO.* rNX I")(* THAT IS, X(K) IS THE 
C* NEAREST MESH L INE TO XO. IF 
20 EXTRAPOLATION WAS USED (!ERR*-3) IPT(1) 
C* =O ON HETUPN IF XO<X( I )  AND IPT(l)=NX IF 
C* XOsK(NX). ON THE NEXT CALL Y IS USED AS 
c* THE INDE)! OF X WHERE THE SEARCH FOR XO 
C* BEGINS. 
C O  

C* IPT(Z l -THE Y INDEX ?OINTER. 
C* 
C* J INDICATES THAT ABS(YO-Y(Jl)<ABS(YO=Y(I)) 
C* f81#...rNY I"J, THAT IS, Y ( J )  IS THE 
C* NEAREST M€SH L INE TO YO. I F  
C* EXTRAPOLATION WAS USED ( I E R R = - 3 )  I P T ( 2 )  
C* =o  ON RETURN I F  Y O t Y ( 1 )  AND IPT( i l )=h)Y If  
C* YO>Y(NY)* ON THE NEXT CALL, J IS USED 
C* AS THE INDEX OF Y WHERE THE SE4RCH FOR 
C* Y O  BEGINS. 
C* 
C* XO-----THE INPUT X POINT WHERE INTERPOLATION IS DESIRED. 
C* 
C* YO-----TirE INPUT t POINT WHERE INTERPOLATION IS DESIRED* 
C* 
C* Z------THE OUTPUT INTERPOLATED VALUE OF THE FUNCTION A T  ( X O + Y O ) r  
C* f=F(XOrYO). 
C *  
C* IERR---INTEGER OUTPUT ERROR COG€ GENERATED AND RETURNED BY 161a 
C*  
C* o 0 NORMAL RETUPN. NO PROBLEMS ENCOUNTERED. 
C& 
C* z-1 THE X OR Y ARRAY VAS NOT STRfCTLY INCREASING. 
C* 140 INTERPOLATION PERFORMED. 
C" 
C+J =-2 INSUFFICIENT VALUES IN X OR Y TO PERFORM THE ORDER OF 
C* 1NT€RBOLATION REQUESTEDr POSSIBLY USER INPUT NX OR NY 
C' ZNCORRECTLY. NO INTERPOLATION PERFORMED. 
C* 97 



C* 593 E X T R A P O L A T I O N  USED. THE VALUE 2 RETURNED HAY BE QUITE* 
C* INACCURATE*  0 

C* e 
C* =-4 I O T ? O E R ( l )  OR I O R D E R ( Z )  NOT CORRECTLY INPUT BY USER e 
C* A s  1 OR Ze NO I N T E R P O L A T I O N  PERFORHEDO 0 

C* e 
C* THE USER SHOUI.0 TEST I E R R  ON EACH RETURN FROM I610 e 
C* 0 
C* REQUIRED ROUTINES 0 

C* e 
C* MONO* FINDER* LAGRACeINOfXR.  0 

C* 0 
C* V 

C* AUTtlOR/ I MPLEMENTER V 
C* 0 

C* So BAUD€NDISTEL/GoWo HAIGLER.  0 

C* 0 

C* LANGUAGE 0 

C* e 
C* FORTRAN. e 
C* 0 

C* DATE RELEASED 0 

C *  
C* AUGUST 159 1973 0 

C* e 
C* L A T E S T  REVISION V 

C* e 
C* AUGUST 159 1 9 7 3  0 

C* * 
C 

C 

C 
C 
C 

C 
C 
C 

C 
C 
C 
C 
C 

98 

IF ( I P T  ( 1 1 NE 0.1 1 GOT0 1 0  

I N I T I A L I Z E  AND CHECK X * Y  ARRAYS ARE S T R I C T L Y  I N C R E A S I N G *  

CHECK THAT I O R D E R ( 1 )  AND I O R D E R ( 2 )  ARE 1 OR 2 ONLY, 

CHECK THAT THERE ARE SUFFICIENT P O I N T S  I N  X ARRAY TO 0 0  I O R D E R ( 1 )  
I N T E R P O L A T 1 3 Y  AND S U F F I C I € N T  POIrJTS I N  Y ARRAY TO DO I O R D E R ( Z )  
I N T E R P O L A T i 3 N *  



IERR=O 
C 
c 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 

C 
C 
C 
C 

C 
C 
C 
C 

20 
30 

SEARCH FOR THE W AND Y MESH L INES NEAREST TO XQIYO AND RECORD 
THESE INDICES I N  I P T ( 1 )  AND I P f ( 2 ) .  

OBTAIN INDICES FOR Y DIRECTION INTERoOLATION TABLE LOOK U P ,  

DETERMINE THk LAGRANGIAN INTERPOLATING COEFFICIENTS FOR Y 
DIRECTION INT~RPOLATION. 

OBTAIN INDICES FOR X T)IRLCTION INTEQPOLATION TABLE LOOK UP, 

DETERWINE THk LAGRANGIAN INTERPOLATING COEFFICIENTS FOR X 
DIRECTION INTERPOLATION. 

COMPLETE LAGRANGIAN INTERPOLATION dY COMPUTING THE OOUBLE SUM 
OF P!?OOUCTSo 

z=o 0 

LP1=0 
DO 30 I=LL*LR 
L P l = L P I * l  
SW=O 0 

KPl=O 
DO 20 J=KL,KA 
K P l = K P l +  1 
SUM=P(KPI)oF(I ,J)+SUM 
z=suv*s (LP1)  * z  
IF(IERRoGE.O)HETURN 
I P T ( l ) = M  S I P f ( t ) = N  
RETURN 
END 
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lDALPWN,IERR) 
I P T ( l ) =  -1 
CALL I B I  ( ~ O ~ T R O , ~ , C L D S I N , ~ O I A L C L ~ X I I O R D E R ~ I ~ T ~  

lTR+CLDES,APCLMX*IERR) 
ALPCLW APCLHX +DALPRN 
DELALP= ALPHA -ALPCLM 
I P T ( l ) =  -1 
I F  (OELALP.LE.O.O) GO TO 48 
WRITE (6,400) ALPHA 

400 F O R H A T ( * O * , F ~ O ~ ~ *  I S  AT OR BEYOND STALL.*/) 
C A L L  I 6 1  ( ~ , C L Y A X O , ~ , D E L A L O ~ ~ ~ C L A R A Y ~ I O R D E R I I P T ~ C L ~ A X ~  

I P T ( l ) =  -1 

I F  ( A L P H A ~ L T O ~ ~ O )  GO TO 50 

~DELALP,CL,IERR) 

48 CONTINUE 

C A L L  I U N I  ~ l l ~ l l ~ A L P ~ A O ~ l ~ C D A R ~ Y ~ I O ~ O € R ~ A L e H A I O E L C O ~ ~ ~ T ~ I E R R ~  
CD= CDINPWT +DELCD 
RETURN 

50 CONTINl': 
CD= CDINPUT 
RETURN 
END 

FUNCTION MONO(M*VAR,IPOS) 
C 
C FUNCTION MONO CHtCKS T O  INSURE THAT THE SEQUENCE VAP IS S T R I C T L Y  
C INCREASING. I F  V A Q  IS A S T R I C T L Y  INCREASING SEQUENCE MONO RLTURhf 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

A POSITIVE VALUE. I F  VAR IS NOT A STRICTLY INCREASING SEQUENCE, 

WAS NOT STRICTLY INCREASING. 
MONO RETURNS A NEGATIVE VALUE AND THE IYDEX OF VAR WYERE VAWN) 

M----THE NUMbER OF ELEMENTS I N  JAR. 

VAR--THE X q Y ,  OR 2 ARRAY PASSED FROM I 8 1  OR I T R I .  

D I W N S I O N  V A k ( M )  
C 

HONO=l 
KZM-1 
DO 10 L=l,K 
N=L*1 
IF (VAR(N) -VAH(L) .GT.O. )GOTO 10 
MONO=-1 
IPOS=N 

10 CONTINUE 
RETUQN 
END 

SURROUTINE FfNDER(S,VAR,IPOSrNBND,IFrIERR) 
C 
C FINDER DETERMINES THE INDEK OF THE XIY, OR Z ARRAYtVAR) NEAREST TO 
C X O r Y O ,  OR ZO (SI. I F  ScVAQ(1) OR S>VAR(NBND) IERRz.3 3N RETURN 
C AND I F  CONTAINS A 0 OR YBNO ACCORDING TO THE SITUATION, rlH',E 
C IPOS RETURNS A 1 OR NBND. 
C 
C 
C 
C 
c 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

102 

NBND-THE NUMBER OF VALUES I N  VAR. 

NRNO IF VAR(NBND)<S. 

LOGICAL ABOVE*BELOW 
AUOVE=B€LOW=.FALSE. 
IF(IPOS.EQ.O)IPOS=1 



10 
20 

30 

40 

50 

C 

I F ( S - V A R ( I ~ O S ) ) Z O , S @ r 3 0  
ABOVE=.TRUE, 
IUP=IPOS 
IF(ABOVE.AND.t3ELOW)GOTO 4 0  
IPOS=IPOS-1 
I F  ( IPOSoGE. 1) GOTO 
IERR=-3 
IPOS= l  
IF=O 
RETURN 
BELOW=.TRUE. 
LOW = 1 POS 
IF(AR0VEoANDo~ELOW)GdTO 4 0  
I P O S = f ~ O S * 1  
IF(IPOS.LE,NBND)GOTO 1 0  
IERRt-3  
IF=IPOS=NBND 
RETURN 
IPOS=LOw 

I F =  I POS 
RETURN 
END 

10  

I F ( A B S ( S - V A R ( I U P ) ) o L T o A ~ S ( S - V A R ( L O W ) ) ) I P O S = I U P  

SUBROUTINE L A G ~ A G ( S ~ V A R l , V 4 R 2 , V A R 3 r Q , I O R D E R )  

C 
C 
C 
C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 

LAGRAG CALCULATLS THE LAGRANGIAN COEFFICfENfS FOR F I H S T  OR SECOND 
ORDER INTERPOL A T  ION. 

VARl---THE VALUE OF XIYI OR Z A T  RIGHT END POINT OF I Y T E R V A L .  

VARJ---THE VALUE OF X,YI OR Z A T  LEFT END POINT OF INTERVAL. 

C 

C 
C 
e 

FIRST OROER COEFFICIENT5. 
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C 
C SECOND ORDER COEFFICIENTS. 
C 

1 0  TlzS-VARE 
TZzS-VARl 
T3zS-VAR3 
Q ( l ) = T l * T 2  
Q ( 2 )  =T3*TZ 
Q ( 3 ) = 1 3 * T l  
Tl=VAQ3-VAR2 
T2=VAR3-VARl 
T3=VARZ-VARl 
Q ( ~ ) = Q ( ~ ) / ( T ~ * T z )  
Q(2) = Q ( 2 ) /  ( -T l *T3 )  
Q (3) =Q(3)  I ( T Z * T 3 )  
RETURN 
END 

C 
C 
C 
C 
c 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 

SUBROUTINE I N D I X R ( I P T , I O R 0 E R , S , I L r I R ~ V A R I N )  I 
I 

INOIXR OETERMIrJES THE INDICES OF THE X,YI 2 ARRAY PASSED TO ARSAY V A R l  
TO BE USED I N  TABLE LOOK UP, J 

I 
IPT----THE X r Y t Z  POIWTER. 1 

1 
!ORDER-THE ORDER OF INTERPOLATION I N  X,YI Z DIRECTION 1 

I 
S------XO,YO9ZO. I 

1 
IL-----THE INOCX OF ARQAY X,Yr  OP Z GIVING THE LEFT E 0 POINT OF I 

THE IWTERVAL CONTAINING S o  I 
1 

IR-----THE INDEX @F THE X , Y ,  0s 7 ARQAY GIVING THE R I  H I  END POINTI  
O F  THE INTERVAL CONTAINi,r.,. S o  1 

1 
VAR---- THE X * Y I  OR Z ARRAY. 1 

1 
N------NX,YYt OR NZ. I 

I 
DIMENSION VAR (1  1 1 

IF(SmLE*VAS(2))GOTO 10  ! 
I f  ( S o G E e ~ b p ( N - 1 )  )GOTO 20 1 

I L = I P T  
IF(S.LEoVAR(IPT))IL=IL~l 
IF(IORDER.LTo2)GOTO 30 1 
I F ~ A B S ~ S ~ V A R ~ I L ~ 1 ~ ~ ~ L I . A Y S ~ S ~ V ~ ~ ~ I ~ + ~ ~ ~ ~ I L ~ I L ~ l  1 

GOTO 30 

GOTO 30  

t 

1 

1 0  I L = l  

20 IL=N-IORDER 
30 IR=IL+IORDER 

RETURN 
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END 

C*  
C* PUQPOSE : 
C* 
C* 
C* 
C* 
C* 
C* 
CO 
C* 
C* 
C* 
C* 
C* 
C* 
C*  USE : 
C* 
C* 
C* PARAMETEQS: 
C*  
C*  NMAX 
C *  
C*  
CQ N 
C*  
C *  
C* X 
C* 
C*  
C* 
C* NT AH 
C* 
C* Y 
C*  
C* 
C* 
C*  IOROEH 
C* 
C* 
C *  
C*  
C *  
C*  
C*  
C *  
C* K O  
C* 
C* 

a 
a 

SUBROUTINE I U N I  USES F IRST OR SECOND ORDER 4 

LAGRANGIAN INTERPOLA?ION TO ESTIMAtE THE VALUES a 
OF A SET OF A SET OF FUNCTIONS AT A POINT XO. I U N I  a 
USES ONE INDEPENUEN? VARIABLE TABLE AND A DEPENDENT 8 
VARIABLE TABLE FOR kACH FUNCTION TO BE EVALUATED. c 
THE ROUTINE ACCEPTS THE XNDEPENDENT VARIABLES SPACED 4 

VARIAPLE T a w €  MUST CONTAIN FUNCTION VALUES C O ~ R E S -  4 
PONDING TO EACH X ( I )  I Y  THE INDEPENDENT VARIABLE e 

TAtiLF. THE ESTIMATED VALUES ARE RETURNED I N  THE V O  e 
AHRAY WITH THL N-TH VALUE OF THE ARRAY HOLDING THE 
VALUF O F  THE Nl-TH FUNCTION VALUE EV4LUATED A T  X O o  e 

A T  EQUAL OR UNEQUAL INTERVALS. EACH DEPENDENT 8 

c 
c 

CALL I U N I ( N Y A X I N ~ X , N T A ~ , Y ~ I O ~ D E ~ ~ X O ~ Y O ~ I ~ T ~ I E R R )  e 
e 
c 
I 

THE MAXIMUV NUMPER OF POINTS I N  THE INDEPENDENT c 
VARIABLE ARRAY. I 

THE ACTUAL NIJMBER OF POINTS I N  THE INDEPENDENT e 
~YRAYPWHERE N .LE. NYAX. a 

CALLING PROGRAY, WHICH CONTAINS THE INDEPENDENT e 

?HE NUYSER OF DEPENDENT VARI.lBLE T46LES 4 

A TWO-DIMENSIONAL A R R A Y  DIMENSIONED (NMAX,NTAB) I N  4 
THE CALLING PROGRAM. EACH COLUMN OF THE ARRAY 4 

COWTAINS A DEPENDENT VARIABLE TABLE 4 

INTEPPOLATION PARAMETER SUPPLIED bY THE USEQ. 4 

= O  ZERO OHOtH INTERPOLATION: THS FIRST' FUNCTION 4 

VALUE IN EACH DEPENDENT VARIAHLE T m L E  IS c 

ASSIGNED TO THE CORRESPOYDING MEMBER OF THE Y O  4 
ARRAY. THE FUNCTIONAL VALUE IS ESTIMATED TO 4 

REYAIN CONSTANT AND €QUAL T O  THE NEAREST KNOWN 8 
FUNCTION VALUE. 4 

ThE INPUT POINT A T  WHICH INTERPOLATION WILL BE 4 

PERFORMED. 4 

I 

e 
A ONE-DIMENSIONAL ARRAY*  DIMENSIONED ( Y M A X )  XN THE 4 

VARIABLES. THESE VALUES MUST RE STRICTLY MONOTONIC. I 
4 

4 

4 

4 

4 

4 
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CQ 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C*  
C* 
C* 
C*  
C* 
C* 
C* 
C" 
C* 
C* 
C+ 
C* 
C* 
C* 
C* 
C*  
C*  
C* 
C*  
C" 
C*  
C* 
C*  
C*  
C* 
C*  
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C* 
C" 
C*  
C* 

ORlQlNAl F A X  ;L 
OF POOR OiJJALI- 

YO A ONE-DIMENSIONAL ARRAY DIMENSIONED (NTAB) I N  THE a 
CALLING PEOGRAM. UPON RETURN THE ARRAY CONTAINS THE 
ESTIMATED VALUE OF EACH FUNCTION AT XO. a 

a 

IPT THAT MONOTONICITY WILL BE CHECKED. UPON LEAVING THE a 
ROUTINE I P T  EQUALS THE VALUE OF THE INDEX OF THE X 
VALUE PRECEOING XO UNLESS EXTRAPOLATION WAS a 
PERFORMED. I N  THAT CASE THE VALUE OF IPT  I S  a 
RETURNED AS: a 
=O DENOTES X O  .LT. X ( 1 )  I F  THE X A R R A Y  I S  I N  a 

I S  I N  DECREASING ORDER. a 
=N DENOTES X O  O G T .  X t h )  I F  THE X ARRAY IS I N  a 

INCREASING ORDER AND XO .LT. X(N)  I F  THE X ARR4Y 
IS I N  DECREASING ORDER. a 

ON SUBSEQUENT CALLS9 I P T  I S  USED AS A POINTER TO I 
dEGIN THE SEARCH FOR XO. 

IERR k R 9 0 R  PARAMETER GENERATED BY THE ROUTINE * 
=O NORMAL RETURN c 
=J THE J-TH ELEMENT O F  THE X ARRAY IS OUT OF ORDER 4 
=-1 ZERO ORDER INTE@POLATION PERFORMED RECAUSE Q 

IORDER =0. c 

f?J;C- POIhT W P S  I N  X ARRAY. * 
=-3 .-to INTERPOLATION NAS PERFORMED BECAUSE * 

IhSUFFICIENT POINTS WERE SUPPLXED FOR SECOND * 
09DER INTERPOLATION. * 

=-4 EXTRAPOLATION rJsS PERFORMED c 

WON RETURN THE PARAMETER IERR SHOULD RE TESTED IN * 
THE C A L L I N G  PROGRAM. 4 

REWIRED ROUTINES NONE * 
SOURCE CHPb ROUTINE YTLUP YODIFIEO 4 

RY COMPUTER SCIENCES CORPORATION* 

LANGUAGE FORTRLN 4 

DATF RELEASE0 AUGUST 191973  4 

LATEST REVlSION AUGUST 191973  4 

ON THE FIRST CALL IPT MUST BE: INITIALIZED TO -1 so a 

INCREASING ORDER AND X ( 1 )  .GT. X O  I F  THE X ARRAY 

c 

z-2 ZERO ORDER INTERPOLATION PERFORMED BECAUSE ONLY 

4 

4 

4 

* 
4 

4 

i 

4 



c 

C 
I F  (IORDER *k[J* 0 )  GO TO 1 0  
I F  (NoLTo 2)  60 TO 20 
GO TO 5 0  

GO TO 30 
10 IERR=-l 

2G IERR=-E 
30 DO 40 N T = l r ~ T A t 3  

YO(NT) tY (1 rNT)  
40  CON1 INUE 

RETURN 
50 I F  ( I P T  oGTm -1) GO 

C 
TO 65 

C CHECK FOR T BLE OF NO 
C 

E PO 
THE SIGN OF DELX SIGNIFIES 

NTS BEING ST 
WHETHER TAHLE 

C fNCRkASING OR DECREASING ORDER. 
C 

I F  (DELX *EQ* 0 )  GO TO 190 
I F  ( N  * E O *  2 )  GO TO 65 

C 

C f L Y  MO 
I S  I N  

I 
lOfONIC I 1 

I 

I 
I 
1 

C CHECK FOR SIGN CONSISTENCY IN THE DIFFERENCES OF 1 

C SUBSEQUENT PAIRS 
C 

00 6 0  J=2rNM1 
I F  (DELX * ( X ( J + 1 ) - X ( J ) ) )  1909190960 

60 CONTINUE 
C 
C I P T  I S  I N I T I A L I Z E D  TO BE k I T H I N  THE INTERVAL 
C 

65 I F  ( I P T  o L T *  1) I P T = l  
I F  ( I P T  o G T o  N Y 1 )  IPT=NY1 
I N =  SIGN (1.OrDELX * (  XO-X(IPT1)) 

I F  ( P O  (X(1PT +I)- X O ) ]  909180980 
70 P= X ( I P T )  - XO 

80 IPT  = IPT  + I N  
C 
C TEST T O  SEE I F  I T  IS NECCESARY T O  EXTRAPOLATE 
C 

I F  ( IPT*GT*O .AND. IPT e L T o  N )  GO TO 70 
I E R R I - 4  
IPT= IPT-  I N  

C 
C TEST FOR OQOER OF INTERPOLATION 
C 
C 

C 
C FIRST ORDLQ INTEHPOLATION 
C 

90  If (IORDER .GT, 1 )  GO T O  120 

00 100 N'P=19NTA6 
yO(NT)=Y(IPT,NT)+((Y(IPT+lrNT)- Y(IPT,NT) ) * ( X O c X ( I P T ) ) ) /  

1 ( X  4 I PT+ 1 1 O X  ( I P T )  1 
100 CON1 INUE 

I F  (IERR * E O *  -4) I P T t I l  > ' * I N  
RETURN 
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1 

C 
C 
C 

C 
C 
C 
c 

120 

130 

140 
150 

160 

180 

185 

C 
C 
C 
C 

190 

SECOND ORDER INTERPOLATION 

I F  ( N  o E Q o  2 )  GO TO 200 

CHOOSING A T H I R D  POINT SO AS T O  MINIMIZE THE DISTANCE 
BETWEEN THE THREE POINTS USED T O  INTERPOLATE 

I E R Q  I S  SET TO THE SUBSCRIPT OF THE MEMBER OF THE TABLE 
WHICh IS OUT OF ORDER 

lERQ=J *1 
RETURN 
IERR=-3 
RETUQN 
END 

200 
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(7) 

- 
OUTPUT: ANGLE Of  ATTACK, 

DRAG COEFFICIENT, 
AND LIFT-TO-ORAG 
RATIO 

GWEN ANOLE OF ATTACK. 
MACH h ma(. AWD 
GEOMETRY 

I 

c 

OUTPUT: LIFT COEFFICIENT, 
DRAG COEFFICIENT, 
AND LIFT-TO-DRAG 
RATIO 

/ CALL CAMBER\ 
U N E u l ~ T I o M  

BETwEplcAyBERs 

1 .- 
CALL ATMOS 

DETERWINES THE SPEED 
OF SOUND. AND m I E N T  

PREsswIE,AMDD 

t 

# 

CALL AEROX 
LINEAR INTERPOLATION 

BETWEEN THICKNESS 

/ CALL 161 
INTERPOLATES BETWEEN 

MACH NUMBER AND 
ALPH AS/CL's 

-- 

CALL COMWT 
ADJUSTS THE C i  IF THE 
ANGLE OF ATTACK Is 

BEYOND STALL 

t 

Figure 7. - Program Flowchart 
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